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Abstract
In this article is presented the result of research regardind the effect of high light intensity on the cells of
Synechococcus sp. PCC 7002. Cyanobacterial suspension was treated with high light (600 μE) for 120 minutes at a 
temperature of 380C, to study the adaptation of photosynthetic apparatus to light stress. Samples were analyzed in the
present of herbicide diuron (DCMU) which blocks electron flow from photosystem II and without diuron. During
treatment maximum fluorescence and photosystems efficiency are significantly reduced, reaching very low values
compared with the blank, as a result of photoinhibition installation. Also by this treatment is shown the importance of
the mechanisms by which cells detect the presence of light stress and react accordingly.
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1. Introduction
Cyanobacteria are the only members of the
domain Bacteria with the ability of oxygenic
photosynthesis. They are Gram-negative bacteria
with peptidoglycan as a cell wall constituent.
Their photosynthetic apparatus (PSA)
contains two photosystems (PS I and PS II) each
with a unique reaction center (RC) and chlorophyll a
(Chla) and phycobilisomes (consisting of
phycobilins covalently bound to phycobiliproteins)
as characteristic light-harvesting systems [3].
Cyanobacteria were one of the earliest organisms on
this planet and there is general agreement that they
played a key role in the formation of atmospheric
oxygen [6].
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The study of cyanobacteria is of great
importance because it can help to develop
biofuels.The aim of this paper is to study
cyanobacterial photosynthesis, study in which
chlorophyll fluorescence induced by "flash" is used
to elucidate the effect of high light intensity on
photosystem II.
The research objectives are:
1. Characterization of the growth process
based on specific parameters (growth curve, optical
density, doubling time,) under the influence of high
light;
2. Study of cyanobacterial photosynthesis
based on chlorophyll fluorescence induced by
"flash";
3. Evaluation the resistance of studied strain
under light stress, in order to highlight the suitability
of culture growth in open pond.
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2. Material and Method
The biological material which has been
subject of this study is strain Synechococcus sp.
PCC 7002, unicellular cyanobacteria that can form
short filaments up to 2 - 4 cells and has the fastest
growth of cyanobacteria.
Cultures that have been used for
experiments were obtained by pre-culture in
exponential growth phase. Pre-culture samples were
obtained from cells kept in a freezer at    -80˚ C. 
Samples of cells consist of 1 ml aliquots of cells
(approximately 10-15 mg chlorophyll / ml) to which
was added DMSO (dimethyl sulfoxide) 8% in order
to increase frost resistance.
Cultures were grown 10 to 15 days before
the experiments in vessels of 500 with 250 ml BG
11 medium + Turk Island Salts 4× (10% v/v).
Growing was at  26 ˚ C, at the standard light 
intensity, provided by a Binder climate chamber.
Containers are agitated continuously to allow a good
oxygenation and mixing of culture (fig. 1).
Figure 1. Cyanobacterial cultures located on the agitators in the climate chamber [original]
Cyanobacteria suspension was treated with
high light (600μE) for 120 minutes at a temperature 
of 380C, to study the adaptation of photosynthetic
apparatus to light stress.
Treatment was performed in a tank of 10/10
cm, in which was placed a magnet and the tank was
placed on a shaker. Culture density was
approximately 6 mg chlorophyll, culture volume of
150 ml, 300C temperature and light intensity of 600
μE. 
For chlorophyll fluorescence measurements
were used 3 ml of culture samples placed in cuvettes
with all four sides transparent.
Samples were adjusted to the dark 5 minutes
before fluorescence measurement.
Measurements were made in the presence
and in absence of DCMU [3-(3,4-dichlorophenyl)-
1,1-dimethylurea]. The amount of DCMU added
was 1,5 µl. DCMU occurs by blocking the
connection between primary acceptor QA and
secondary acceptor QB in the electron transport
chain of photosystem II, providing information
about the integrity of the donor side of electron
transport chain (fig. 2).
Curves obtained were recorded using the
FluorWin program and reported to a logarithmic
time scale and exported to excel.
By adding DCMU to the sample can obtain
information about the donor side integrity of the
electron transport chain.
At normal light intensity, electron transfer
from water to chlorophyll is efficiently done and
does not requires artificial electron donors.
Photosystem II efficiency is provided by the
participation of a protein complex of membrane
subunits, which transfer electrons from water across
the tilacoid membrane to plastochinone [10].
Samples without DCMU shows the acceptor
side of photosystem, and by adding DCMU we can
see the donor side of photosystem.
OPRIŞ Sanda et al./ProEnvironment 5 (2012) 99 - 106
101
Figure 2. DCMU action mechanism [11]
3. Results and Discussions
The effect of high light intensity on the cells
of Synechococcus sp. PCC 7002 is presented in
figures 3, 4, 5.
Panel (a) shows the relative fluorescence
intensity (with DCMU). The maximum amplitude
was recorded at control sample followed by
decrease in amplitude as exposure time to high light
increases.
There is a reduction of active reaction
centers. Without photosystem II activity (the
electron donor side), which was inhibited by DCMU
occurs QA reoxidation with donor side components
of photosystem II (water reoxidation complex).
In the presence of inhibitor DCMU, most
stock acceptor becomes reoxidat, maximum
fluorescence shows a progressive decrease,
reflecting the distribution of excitation energy
between photosystem II and photosystem I, in
response to reduced of plastoquinone stock [5].
High light intensities produces
photodegradations to photosystem II reaction
centers level and so photochemical activity is
dependent on time and recovery conditions [1].
Photosystem II activity restoration depends
on the state of inactivation. Chlorophyll
fluorescence recover at a slower rate. In low or lack
light situation fluorescence emission is influenced
by the heterogeneity of light harvesting antenna [8].
Panel (b) with relative fluorescence
intensity (without DCMU) shows the maximum
amplitude level. As the amplitude is higher
photosynthetic activity is more intense and the
number of active reaction centers is also higher. In
this case, the maximum amplitude was recorded in
the blank, after 15 minutes of exposure to high light
amplitude is much reduced compared to the control
sample.
Throughout treatment duration maximum
amplitude values obtained at intervals of time
studied are relatively close. Also florescence
amplitude increased to samples which DCMU was
added compared with the sample without DCMU.
In the presence of inhibitor diuron (DCMU)
takes place only a separation of tasks per reaction
center of photosystem II and this is reflected in a
drastically fluorescence reduction. Consequently,
the ratio of fluorescence curve area recorded in the
absence and presence of diuron allows assessment
of available electron acceptor per active reaction
center of photosystem II [1].
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a) Relative fluorescence intensity (Samples with DCMU)
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b) Relative fluorescence intensity (Samples without DCMU)
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Figure 3. Effect of high light intensity on cells of Synechococcus sp. PCC 7002. Curves obtained are represented by
colors corresponding to samples taken at different time intervals (control sample - dark blue, sample at 15 minutes -
pink, sample at 30 minutes – yellow, sample at 60 minutes - light blue, sample at 120 minutes - cherry ). Panel (a) give
test results with DCMU and represent curves without normalization. Panel (b) give the results of samples without
DCMU and show the curves without normalization [original]
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c) Normalized fluorescence intensity (Samples with DCMU)
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d) Normalized fluorescence intensity (Samples without DCMU)
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Figure 4. Effect of high light intensity on cells of Synechococcus sp. PCC 7002. Curves obtained are represented by
colors corresponding to samples taken at different time intervals (control sample - dark blue, sample at 15 minutes -
pink, sample at 30 minutes – yellow, sample at 60 minutes - light blue, sample at 120 minutes - cherry ). Panel (c) give
test results with DCMU and represent curves normalized to the same initial amplitude. Panel (d) give the results of
samples without DCMU and show the curves normalized to the same initial amplitude [original]
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e) Variation of maximum fluorescence values (Samples with DCMU)
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f) Variation of maximum fluorescence values (Samples without DCMU)
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Figure 5. Effect of high light intensity on cells of Synechococcus sp. PCC 7002. Panel (e) give test results with DCMU
and show schematic representation of the evolution of maximum fluorescence values. Panel (f) give the results of
samples without DCMU and show schematic representation of the evolution of maximum fluorescence values [original]
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The rapid growth of photosynthetic active
centers of photosystem II and maximum amplitude
was recorded at control sample but photosynthetic
activity decreases depending on high light exposure
time. This means that reaction centers of
photosystem II are gradually closed during exposure
leading to photosynthesis poor performance by
decreasing electron transport.
Panel (c) shows the normalized fluorescence
intensity (with DCMU) and provides information
about the oxidation rate of QA. Fluorescence
normalization is performed to see the differences in
curves initiation. In the presence of DCMU occurs
decrease of maximum fluorescence because of QA
primary acceptor reoxidation wich are in redox
balance with the plastoquinone stock.
Panel (d) the normalized fluorescence
intensity (without DCMU), shows at control sample
a more intense electron transfer, this intense tansfer
is indicated by the steep slope of the curve. As
exposure time to intense light increases, electron
transfer is slowed, this can be observed from the
fuller curve lines, with a smooth slope. During
treatment there is a photochemical activity and
electron transfer resumption at samples that were
exposed to high light for 60 and 120 minutes.
Fluorescence amplitude is higher at samples without
DCMU than samples with DCMU.
Panel (e) shows the variation of maximum
fluorescence values (fmax) under the action of light
treatment (with DCMU). Fluorescence maximum
amplitude is registered in blank and decreases in
relation to exposure time, wich determines reducing
the proportion of active reaction centers. In the first
30 minutes of exposure to high light photochemical
efficiency of photosystem II is significantly
reduced, but during 60 and 120 minutes of exposure
decreases of photochemical efficiency is slower due
to repair mechanisms installation.
The maximum fluorescence was recorded in
the blank and as a result of gradual decrease during
exposure time tends to reach lower values compared
to the blank (control sample). The active reaction
centers have been inhibited at a rate of 57%.
Decrease of Fmax is due to photoinhibition.
Photoinhibition was defined as
photosynthesis efficiency decrease depending on the
light that can or can not be associated with lower
maximum rate of photosynthesis in saturated light
as a result of excess light energy absorption [7, 9].
Excess excitation energy dissipation occurs
directly within chlorophyll - carotenoid light
harvesting complexes of photosystem II and I [2, 4].
Panel (f) shows the variation of maximum
fluorescence (fmax) under the action of light
treatment (without DCMU). Control sample record
maximum fluorescence. As treatment progresses
chlorophyll maximum fluorescence is significantly
reduced through a reduction in the proportion of
active reaction centers. In the first 30 minutes of
exposure the decrease was most pronounced, but
this situation was not maintained because after the
30 minutes of exposure to high light cell triggered
defense mechanism to adapt to new conditions.
During treatment there was an inhibition of the
reaction centers of 55%. Triggering defense
mechanisms is done by new D1 protein synthesis,
in addition new proteins more efficient are
synthesized.
Rapid replacement of D1 protein is a
characteristic of cyanobacteria. Species such as
Synechococcus sp. use the strategy to replace D1
protein with other proteins. D1 protein in
cyanobacteria is encoded by a small family of psbA
gene, expression that is considered to be mainly
regulated at transcription level. D1 protein in
cyanobacteria is synthesized as a long precursor
consisting of 360 aminoacids, whose protein
maturation occurs in thylakoid membrane [10].
4. Conclusions
1. Exposure to high light causes a decrease in
maximum fluorescence after the first 15
minutes of exposure.
2. The addition of DCMU to Synechococcus
sp. PCC 7002 culture decrease the
amplitude compared with the sample
without DCMU. The decrease is due to
changes in excitation energy distribution
between photosystem II and photosystem I.
3. Maximum fluorescence during treatment
was significantly reduced reaching values
lower than those of control sample.
4. During exposure time to high light electron
transport is very low and so photosynthetic
capacity is lower.
5. Therefore Synechococcus sp. PCC 7002 is
not a strain that can provide increased
biomass production under light stress.
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